Introduction {#Sec1}
============

Meningococcal disease is a global problem. It has a rapid onset with varied presentations and wide regional variation in disease pattern. The endemic disease is rare but epidemic form occurs commonly in many regions of the world especially described in the 'meningitis belt' in sub- Saharan Africa, parts of Asia and also in India. Meningococcal disease mostly affects children in the school going age and adults working in close contact such as in military barracks. The disease requires early and prompt antibiotic treatment and supportive therapy. The outcome of the disease depends on the time required to seek medical help *i.e.,* the 'house to hospital time' and also on the rapidity of administration of the first antibiotic dose *i.e.,* the 'door to needle time'.

Meghalaya situated at an altitude of 1,961 m above sea level has a predominantly rural tribal population. An epidemic of meningococcal disease occurred in this region during 2008--2009. The present study documents the occurrence of the disease in this part of the world, and also highlights the various clinical manifestations, laboratory findings and management outcome.

Material and Methods {#Sec2}
====================

This descriptive retrospective study over the period of the epidemic, January 2008 through June 2009 is being reported from the Department of Pediatric Disciplines, NEIGRIHMS, Shillong. One hundred ten children diagnosed as either 'meningococcemia' or 'meningococcal meningitis' or 'meningococcemia with meningitis' during the study period were identified from discharge summaries and inpatient records. Their charts were retrieved and reviewed thoroughly. At admission, blood and cerebrospinal fluid (CSF) were sent to the laboratory immediately for culture and sensitivity testing, cytology and gram staining. Complete blood count (CBC) and peripheral blood smear for malarial parasite, random blood sugar (RBS), liver function test (LFT), coagulation profile, renal function test (RFT), serum electrolytes and chest x-ray (CXR) were done on the day of admission in all patients and repeated periodically if necessary. MRI brain was done when clinically indicated.

The cases of meningococcal meningitis and meningococcemia in the present case series were labelled as probable meningococcal meningitis, confirmed meningococcal meningitis, probable meningococcaemia and confirmed meningococcaemia as per standard guidelines \[[@CR1]\].

Patients were treated for the first 6 mo with injection ceftriaxone but later with parenteral chloramphenicol due to observation of clinical drug resistance in the form of delayed or no response to ceftriaxone in 48--72 h. Antibiotics were administered for a minimum of 7 d in all patients along with supportive care and monitoring. Injection dexamethasone was used in all cases with meningitis for 2 d. Shock was treated with normal saline and inotropes (dopamine and dobutamine), whenever indicated and hydrocortisone.

Results {#Sec3}
=======

A total of 110 children were diagnosed as having either 'meningococcemia' or 'meningococcal meningitis' or 'meningococcemia with meningitis'. The demographic profile and clinical presentations are outlined in Table [1](#Tab1){ref-type="table"}. Among these cases, 61.8 % were boys and 38.2 % were girls (boys:girls = 1.62:1). The mean age of presentation was 8.48 ± 5.09 y (4 mo--18 y). Fever was the most common symptom (100 %) followed by headache (56.4 %), vomiting (53.6 %), altered sensorium (25.5 %), purpura and rashes (23.6 %), seizures (9.1 %), abdominal symptoms (4.5 %), irritability and excessive crying (4.5 %). Meningeal signs were present in 86 cases (78.2 %) and bulging anterior fontanalle in 3 out of 13 cases (23 %) below the age of 18 mo. Shock was seen in 42 cases (38.2 %) (29 compensated and 13 decompensated). The average number of isotonic saline boluses required was 40 ml/kg (range: 20 ml/kg to 100 ml/kg). Fifteen cases (13.6 %) required inotropic support and hydrocortisone singly or in combination. The average duration of inotropic support was 24--72 h.Table 1Demographic, clinical, laboratory and outcome profile of the patientsMean ± SD or no. (%)Demographic dataMean age8.48±5.09 yM:F1.62:1Clinical dataFever110 (100)Headache62 (56.4)Vomiting59 (53.6)Purpura/rashes26 (23.6)Altered sensorium /low GCS28 (25.5)Seizure10 (9.1)Abdominal symptoms5 (4.5)Irritability and excess cry5 (4.5)Meningeal signs86 (78.2)Bulging anterior fontanalle (\<18 mo of age)3/13 (23)Shock42 (38.2)Laboratory dataHemoglobin9.4±1.8 g/dlTotal leucocyte count16,071±14525/ mm^3^Platelet count310,531±211,421/mm^3^Deranged LFT11 (10)Prolong PT18 (16.4)CSF TCRange 5--60000CSF Low sugar74 (67.3)CSF Positive gram stain27 (24.5)Positive culture in CSF29 (26.4)Blood culture positive13 (11.8)Total culture positive39 (35.5)OutcomeVentilatory support7 d (4.2±3.2 d)Death7 (6.4)

The laboratory investigations of all the cases are summarized in Table1. Culture (either blood or CSF) was positive in 39 cases (35.5 %) (CSF: 29, blood: 13). In three cases (2.7 %), growth was seen both in the blood and CSF. Gram negative diplococci in CSF was seen in 27 cases; of which 8 cases were culture negative. All cases were identified as serogroup A and were susceptible to ceftriaxone and chloramphenicol by *in-vitro* antimicrobial testing. The mean blood leukocyte count was 16,071 ± 14525/cumm. The CSF cell count ranged from 5 to 60,000/cu mm and hypoglycorrhacia were seen in 67.3 % of the cases. Ten percent of the cases had deranged LFT and 16.4 % had coagulopathy.

Majority of the cases were seen in the months of December 2008 and January to March 2009 (Fig. [1](#Fig1){ref-type="fig"}). Sixty nine percent of the cases were seen in children above 5 y of age (Fig. [2](#Fig2){ref-type="fig"}).Fig. 1Month wise distribution of cases from Jan 2008 to June 2009 Fig 2Age wise distribution of cases

Meningococcal meningitis and meningococcemia were diagnosed in 68 cases (61.8 %) and 22 cases (20 %) respectively with a corresponding mortality of 2.9 % (2/68) and 18.2 % (4/22). Twenty children (18.2 %) presented with both meningococcemia and meningitis with 1 death. There was no difference in mortality or morbidity between the culture positive or culture negative cases. Of the 68 children with meningococcal meningitis, 44 had probable meningitis while 24 were confirmed. Of the 22 children with meningococcemia, 15 had probable meningococcemia while 7 were confirmed. Of the 20 children with meningococcemia and meningitis, 12 were probable while 8 were confirmed (Fig. [3](#Fig3){ref-type="fig"}).Fig 3Study flow chart

The important complications have been summarized in Table [2](#Tab2){ref-type="table"}. Raised ICP was the most common (28.2 %) and was diagnosed clinically by the presence of bulging anterior fontanelle, bradycardia/tachycardia, papilledema and hypertension. Herpes labialis was observed in 9.1 % of cases. Three important metabolic complications of meningococcal infection observed in the present case series were SIADH (8 cases, 7.3 %), diabetes insipidus (5 cases, 4.5 %) and cerebral salt wasting syndrome (1 case, 0.9 %). All the cases with diabetes insipidus and cerebral salt wasting syndrome expired. Meningococcal purpura fulminans were seen in 5 cases (4.5 %) whereas 6 cases (5.5 %) developed arthritis, and 2 cases each had subdural empyema and optic neuritis. Mortality was 6.4 %.Table 2Complications in all the casesComplicationsNo. (%)Raised intracranial pressure31 (28.2)Coagulopathy18 (16.4)Hepatopathy11 (10)Herpes labialis10 (9.1)SIADH8 (7.3)Pneumonia7 (6.4)Arthritis and effusion6 (5.5)Purpura fulminans5 (4.5)Respiratory failure5 (4.5)Sixth nerve palsy5 (4.5)Diabetes insipidus5 (4.5)Subdural empyema2 (1.8)Optic neuritis2 (1.8)ARDS2 (1.8)ARF2 (1.8)Cerebral salt wasting syndrome1 (0.9)Third nerve palsy1 (0.9)Cerebritis1 (0.9)Hearing impairment1 (0.9)

Discussion {#Sec4}
==========

Epidemic meningococcal disease was first described by Vieusseaux in 1805 from Switzerland \[[@CR2]\]. Meningococcal infections are commonly found in developing countries such as in the African meningitis belt and occasionally in developed countries like the United States. Serogroup A is more prevalent in developing countries whereas, in the developed countries the disease is mostly caused by serogroup B and C \[[@CR3]\]. In India, meningococcal disease is endemic in Delhi with sporadic cases reported in the past \[[@CR1]\]. Isolated cases of meningococcal meningitis were also reported from several states of India involving Haryana, Uttar Pradesh, Rajasthan, Sikkim, Gujarat, Jammu & Kashmir, West Bengal, Chandigarh, Kerala and Orissa in 1985 \[[@CR4]\]. Most of these outbreaks have been caused by serogroup A \[[@CR5]\]. *N. meningitidis* was the dominant pathogen isolated in Surat between 1985 and 87 \[[@CR6]\]. In early 2005, spurt of cases of Neiserria meningococcemia and meningitis due to serogroup A have been reported from Delhi and adjoining areas \[[@CR7]\]. No previous reports exist from north east India.

Approximately 69 % were above 5 y of age. Maximum cases reported were below 1--2 y of age from USA for endemic disease \[[@CR8]\]. In epidemic outbreaks a shift to higher age occurs \[[@CR9]\]. In Sudan, 58 % were above 5 y in a group A---*N. meningitidis* outbreak \[[@CR10]\]. In Ghana however the peak incidence was found in 10--14 y old children \[[@CR11]\]. Neonatal meningococcal meningitis is rare and there was no case of neonatal meningitis in the present study.

Meningococcal infection is characteristically fulminant presenting with fever, severe headache, vomiting, neck stiffness, positive meningeal signs, photophobia, drowsiness and confusion. Deterioration and death can occur in hours. The disease spectrum usually ranges from meningococcal meningitis to meningococcemia. Meningitis may or may not be present with rash. Seizures occur in 40 % of cases. Meningococcemia is more abrupt presenting with chills, nausea, vomiting, myalgias and the classical purpuric or petechial rash with or without bullae formation. Absence of meningitis is a poor prognostic factor. Septicaemia was found in 20 % cases. Urmila et al. from Delhi reported that 67 % children had meningococcal meningitis, 20 % had meningococcemia and 13 % had both with mortality of 4.5 %, 25 % and 69 %, respectively \[[@CR12]\]. This is similar to findings in the present study.

Shock was the presenting symptom in 38 % of the index cases. Of these, 69 % had compensated and 31 % had decompensated shock compared to 26 % in other reports \[[@CR12]\]. Shock is endotoxin mediated and due to factors such as widespread capillary leak, loss of vasomotor tone and maldistribution of intravascular volume, impaired myocardial function and impaired cellular function. Early recognition of shock is crucial for early intervention and improved outcome \[[@CR13]\]. Tachycardia may be the only sign present in the early phase of the disease and is enough to mandate fluid resuscitation. Circulatory management aims to maintain tissue perfusion and oxygenation. Repeated fluid boluses with 20 ml/kg of isotonic saline are to be given initially till shock resolves. In case shock persists after 60 ml/kg of fluid, central venous pressure (CVP) line is inserted and fluid resuscitation continued with addition of dopamine and/or dobutamine. Some children require as high as 100--200 ml/kg of fluid resuscitation but such patients also require mechanical ventilation. About 13.6 % of the index cases required inotropic support either alone or in combination for an average duration of 24--72 h. Some studies have shown that 4.5 % albumin is more useful as a resuscitating fluid \[[@CR14]\]. Albumin is routinely used in the UK with significant reduction in mortality in the last 20 y (decrease up to 2 %) in patients with meningococcal disease and albumin use may play a role along with other factors \[[@CR15]\]. The authors do not have any personal experience of using albumin. Survival rate reaches 94 % when shock is reversed within 75 min of presentation \[[@CR13]\].

Rash was observed in 23.6 %, while this sign ranged from 7.3 % to 100 % in other studies \[[@CR16], [@CR17]\]. Meningococcal purpura fulminans is a hemorrhagic condition associated with meningococcal septicemia with features of hypotension, disseminated intravascular coagulation (DIC), and purpura leading to tissue necrosis and small vessel thrombosis. In the present study, 5 cases (4.5 %) presented with purpura fulminans and of them 3 died.

Schaad UB \[[@CR18]\] has described arthritis in 10 % of patients with meningococcal disease. In the present study, 5.5 % presented with arthritis involving big joints. Arthritis may occur early in the disease due to direct bacterial seeding of the joints or in the sub-acute or convalescent phase of the illness secondary to immune-complex reactions. Treatment of bacterial arthritis consists of analgesics, antibiotics and drainage of joint fluid if needed. Immune complex reactions are usually treated with non-steroidal anti-inflammatory drugs or steroids. Some may require intravenous immunoglobin \[[@CR19]\].

Reactivation of latent herpes simplex virus infections (primarily herpes labialis) is common during meningococcal infection as observed in the present study with good response to local acyclovir.

Coagulopathy is frequent and multifactorial, and was seen in 16.4 % of the present cases. Mild clotting abnormalities are well tolerated. In severe cases fresh frozen plasma (FFP) is recommended. The authors have used intravenous vitamin K and if required FFP with good results. Currently the best treatment for meningococcal related coagulopathy is the optimal management of shock.

Dodge and Swartz \[[@CR20]\] reported seizures in 10 % in the acute stage of the disease, focal cerebral signs in 10 %, and 15 of 39 patients had cranial nerve involvement early in the course of disease. In the present study, 9.1 % of the cases presented with seizures in the acute stage and cranial nerve involvement was present in 7.3 % cases.

SIADH was detected in 4 of 39 patients by Dodge and Swartz \[[@CR20]\]. In the present study, SIADH was found in 8 cases (7.3 %) and was managed with fluid restriction and low dose diuretic (furosemide) therapy. Five cases (4.5 %) had diabetes insipidus (DI), requiring aggressive management with hypotonic fluids, vasopressin and mechanical ventilation and one had cerebral salt wasting (CSW). All the index patients with DI and CSW had 100 % mortality. Although Pollard RB \[[@CR21]\] has reported that deafness has not been a common complication of meningococcal meningitis in the antibiotic era, there was one case with bilateral sensorineural hearing defect in the present study.

Pneumonia, epiglotitis and otitis media can occur. Pneumonia is seen in 5 to 15 % of invasive meningococcal disease cases, particularly with serogroups Y and W-135 \[[@CR22]\]. In the present study, pneumonia was present in 6.4 % cases. Recovery may be complicated by ARDS, anuria and multi organ failure. In some cases ARDS develops within a few hours after admission and in the present study 2 cases each developed ARDS and ARF.

In a study from Punjab (Ludhiana), 56.5 % were culture positive and all isolates were sensitive to most of the common antibiotics \[[@CR23]\]. Urmila J et al reported 26 positive cultures (13/98 blood cultures and 13/89 CSF cultures) \[[@CR12]\]. Low rate of culture positivity in the present study (35.5 %) may be due to prior use of antibiotics outside or delay in transporting the specimen.

Antibiotic therapy remains the cornerstone of therapy in meningococcal disease. Three factors that influence the success of antibiotic therapy are timing of the antibiotic, tissue penetration and antibiotic resistance. Broad spectrum antibiotics like penicillin G, ceftriaxone and cefotaxime remain widely used. Increasing resistance to penicillin is being reported and ceftriaxone remains the recommended first line therapy in the present scenario. However in the authors' experience they had patients with good response to ceftriaxone in the beginning of the epidemic. After about 6 mo of the epidemic, there was poor clinical response to ceftriaxone and the unit antibiotic policy was revised to intravenous chloramphenicol for 7 d with good response. They now routinely use parenteral chloramphenicol as the first line therapy in meningococcal disease. There are other reports of ciprofloxacin as well as ceftriaxone resistance from India \[[@CR24], [@CR25]\]. The second line therapy consists of vancomycin and azithromycin.

The NICE guidelines recommend dexamethasone therapy for suspected or confirmed bacterial meningitis above 3 mo of age \[[@CR26]\]. The authors used injection dexamethasone in all meningococcal meningitis cases for 2 d. Steroids are not indicated in meningococcal shock unless there is suspicion of hypoadrenalism. Overall fatality rate of invasive meningococcal infection is 5--16 %, although these rates are difficult to assess as some studies only take into account meningococcal meningitis, while others reflect overall fatality from meningococcal disease \[[@CR27], [@CR28]\]. Reported mortality from meningococcemia ranges from 18 % to 35 % \[[@CR29]\]. For overall invasive meningococcal infection, the fatality rate in the present study was low (6.4 %). For meningococcemia, fatality rate in the present study was 18.2 % which is similar to other studies \[[@CR29]\]. Low mortality in the present study can be explained by the fact that patients reached the hospital fast due to good information, education and communication activities by the local health authorities, combined with a low threshold for diagnosis and aggressive management of shock, rapidity of administration of the first antibiotic dose (door to needle time) and continuous monitoring in a well equipped pediatric intensive care unit.

Conclusions {#Sec5}
===========

This is the first epidemic report of invasive meningococcal disease from north east India. Although the majority of patients had meningitis, the full range of manifestations were also seen. This study highlights that clinical resistance to commonly used antibiotics such as ceftriaxone can be seen where chloramphenicol is an alternative effective choice. Mortality reduces significantly with early diagnosis and prompt interventions like early shock management, antibiotic therapy and frequent monitoring in an intensive care set up. Although invasive meningococcal infection did not have much impact on the morbidity and mortality of children from this region compared to other parts of the world, it remains one of the major causes of life threatening infections requiring continuous vigilance.
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